


   OPEN ACCESS Singapore Journal of Scientific Research

ISSN 2010-006x
DOI: 10.3923/sjsres.2020.105.122

Research Article
Genetic Characterization for Three Groups of Seed Heterospermy
for Some Wild Plants
1Magda Ibrahim Soliman, 2Zakria Bakka, 3Amira Abd Allah Ibrahim and 1Nerveen Mohamed Essa

1Department of Botany, Faculty of Science, Mansoura University, Egypt
2Department of  Botany, Faculty of Science, Damietta University, Egypt
3Arid Lands Cultivation Research Institute, City of Scientific Research and Technological Applications, 
Universities and Research Center District, New Borg El-Arab, Alexandria, Egypt

Abstract
Background and Objective: Genetic characterization for seed heterospermy (seed shape, seed size and seed color) has been  studied
based on cytological (chromosome number), molecular markers (RAPD, ISSR  and SCoT) and morphological study. The aim of this study
was to clarify the genetic diversity characterization in 6 Egyptian taxa characterized by heterospermy i.e., seed polymorphism either seed
shape, seed size and seed color polymorphism. Materials and Methods: Seeds and young leaves of three groups: seed shape
polymorphism (Emex spinosa and Limbarda crithmoides), seed size polymorphism (Cakile martima  and Raphanus raphanistrum) and
seed color polymorphism (Chenopodium murale  and Urospermum picroides) were collected from their natural habitats in Egypt. Seeds
were used for metaphase chromosome number after fixation and squashing steps. Molecular markers RAPD, ISSR and SCoT were used
by five primers for each marker. Results: In this study chromosome number for Emexspinosa 2n  =  20, Limbarda crithmoides  2n  =  18,
Cakilemartima  2n  = 18, Raphanus raphanistrum 2n = 18, Chenopodiummurale 2n  =  18 and 2n  =  10 for Urospermum picroides were
found. RAPD,  ISSR  and  SCoT  molecular  markers  generated  a  total   492   total   bands  with 130 polymorphic bands and 362 common
bands. RAPD marker was efficient to differentiate among studied taxa giving high polymorphism 33.96%. Scanning Electron Microscope
(SEM) had the ability to compare between 2 seeds for the same plant giving different appearance in seed coat. Conclusion: Seed
heterospermy not differ in chromosome number but differed in chromosome structure. In addition, it differed genetically that appeared
in using molecular markers and scanning electron microscope. This attributes have the ability to conserve genetic diversity among species
and can be used in the conservation of these species in gene banks.
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INTRODUCTION

Seed heteromorphism, seed polymorphism or seed
heterospermy is the evolutionary strategy where a plant
species  produce 2 or  more   distinct   types   of   seed  in
single plant, which  may  differ  in several categories like
morphology, ripening, dormancy, seed size, dispersal,
germination time and characteristics and ability to persist in
seed bank and seedling growth1-3. Seed heteromorphism is
commonly observed in some families such as Asteraceae,
Chenopodiaceae, Poaceae and Brassicaceae and has been
mostly observed in those species that distributed in semi-arid,
saline and other unfavorable conditions2,4. Recently, it was
founded in 292 species in 129 genera and 26 families3.
Heterospermy can increase variability in seed dormancy5,
dispersal6 and competitive ability7.

It is commonly recorded in a number of plant genera such
as Arthrocnemum, Chenopodium, Cakile, Salicornia, Salsola,
Spergularia, Suaeda, Trianthema  and Atriplex, in which many
are halophytes8 allowing them to adapt to varying salt-marsh
or dry salt desert environments. It also enhances chances for
seedling establishment and survival in a saline environment2.

Seed heteromorphism or seed polymorphism is known as
the production of seeds that differ in shape, size, color and/or
external structure as well as in dispersal, dormancy behavior,
germination characteristics, ability to persist in seed bank and
seedling growth and often heteromorphic seeds are from
different positions on the same plant9. 

Seed size polymorphism is known as the size variations in
seeds produced by a species. A sizeable body of knowledge
exists on this phenomenon10. In many species, seed size
variation has important connection to the overall biological
fitness of parental species by directly affecting the process of
germination, seedling recruitment and competitive ability11.

Cakile maritima Scop. (Brassicaceae), "sea rocket", is a
succulent annual or biennial species narrowly restricted in
habitat to the coastal strandline but widely distributed
throughout the world12. Somatic dimorphisms in C. martima
consist of two morphological distinct types of fruit segments,
upper and lower. The number of seeds in C. maritime differs
between upper and lower fruit segments13. The large number
of aborted and multiple seeds in lower (proximal) segments in
relation to upper (distal) segments were reported in several
works14.

According to Stanton15, seed mass in wild radish
(Raphanus raphanistrum) varies up to 6 fold within single
fruits. Seeds from single fruits were used to minimize genetic
differences among individuals. Large seeds (>6 mg) were
more  likely  to  emerge  as  seedlings  than were small seeds

(<4 mg). Seed size had no effect on emergence time and no
effect on upon final plant size. Seedlings from large seeds
grew more rapidly and produced more flowers than did those
from related smaller seeds.

Chenopodium  album (Chenopodiaceae) is a weed
species with seed heteromorphism, which is widely
distributed all over the world including the semi-arid areas16.
It  produces two distinct lots of seeds (morphs), some with a
brown seed coat are non-dormant and germinate rapidly after
the initial harvest, the majority with a black seed coat that are
dormant17. The different morphs seeds of C. album also
differed in phenotypic characters, germination behavior and
salinity tolerance. Variation of seed heteromorphism was also
observed between populations and such variation might
partially be attributed to the salinity in environments. Salinity
stress is suggested as one of the environmental factors that
may induce the variation in seed heteromorphism of C. album
in semi-arid and light-saline areas16.

Cytogenetics has a great role in studies of chromosome
number, structure,  behavior  and  evolution  in numerous
plant species18.  Cytological  techniques  are  excellent tool to
determine the chromosome constitution of organism and
facilities recognition of the individual chromosome.
Cytological characters including chromosome number and
karyotype analysis have been considered as a reliable guide in
studies of taxonomic and evolutionary relationships19.
The molecular markers are not influenced by environmental
condition and show higher levels of polymorphism20. SCOT
polymorphism gains popularity for its superiority over other
dominant DNA marker system21. In Raphanus sativa L., many
molecular markers are RAPD22 and AFLP23.

Scanning Electron Microscopy (SEM) is a versatile method
used widely in identification of different species of genera
through examination of different plant parts. Use of SEM in the
study of seed coat has been critically reviewed by Brisson and
Peterson24. Seed morphology provides a number of characters
useful for species identification, phylogenetic inference and
character state evolution25. Polymorphism thus provides a
window on the maintenance of genetic diversity in nature.
The aim of this study was to enlighten the genetic diversity
characterization in six Egyptian taxa characterized by
heterospermy i.e., seed polymorphism either seed shape, seed
size and seed color polymorphism. 

MATERIALS AND METHODS

Plant collection: Three groups of seed polymorphism were
chosen: seed shape, seed size and seed color, for each group
2 taxa  were  collected  from  their  natural  habitats   in  north

106



Singapore J. Sci. Res., 10 (2): 105-122, 2020

Mediterranean  coast  and  Delta in Egypt in duration from
May-June, 2018. The selected taxa and their locations with
their GPS were illustrated in Table 1.

Cytological studies: The seeds from each group was
germinated and the root tips were fixed in solution (3 absolute
alcohol: 1 glacial acetic acid) (v/v) and kept at 4EC for at least
1 week. Then root tips hydrolysis was performed using 1 N
HCL, then staining techniques was used by 2% aceto-orcein26.
Well spread metaphase plates were selected for recording
observation. The microscope used a full automatic Olympus
microscope. Slides were scanned using a 100X professional C
400 and digital microscope camera.

Molecular studies
DNA  extraction:  DNA  from  young  leaves  of  the studied
taxa was extracted using  CTAB  buffer  according  to
Dellaporta et al.27.

PCR reaction: Three molecular markers (RAPD,  ISSR and SCoT)
were used to study the genetic diversity among studied taxa.
Five primers for each molecular marker were used. 

The DNA amplifications were performed in an automated
thermal  cycle  (model  Techno  512) programmed for one
cycle at 95EC for 3 min followed by 40 cycles of 30 sec at 94EC,
1 min at annealing temperature for each primer and 2 min at
72EC. The reaction was finally stored at 72EC for 10 min.
Names of primers for each marker and their sequences, in
addition  to annealing temperatures were recorded in Table 2.

Scanning Electron Microscope (SEM): For the scanning
electron microscope (SEM) study, the seeds were fixed in
glutaraldehyde and dehydrated through an alcohol-acetone
series. The specimens were then dried using a critical point
drying (Autosamdri-815, USA). The dried specimens were
mounted on SEM stubs using electrical silver paint and coated
with gold-palladium membranes in a coating unit in an
atmosphere of argon for 2×2 min, at 45 mA. The specimens
were then examined and photographed using a Jeol JSM-6510
L.V SEM. The microscope was operated at 30 KV at EM Unit,
Mansoura University, Egypt.

RESULTS

Cytological study: Chromosome number of all studied taxa
were recorded in Table 3, for Group A "seed shape
polymorphism", 2n   =   20 for Emex spinosa for aerial seed
(Plate 1a, b),  for   subterranean   seed   (Plate   1c,  d),  where 
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  Table 2: Primers name, sequence and annealing temperature of RAPD, ISSR and SCoT molecular markers
Molecular markers Primers Sequence (5'-3') Annealing temperature (EC)
RAPD OP-A2 GTG ATC GCA G 37

OP-A07 GAA AGG GGT G 
OP- B7 GAA AGG GGT G 
OP-B11 GTA GAC CCG T 
OP-C9 CTC ACC GTC C 

ISSR 14A CTC TCT CTC TCT CTC TTG 57
49A CAC ACA CAC ACA AG  
HB-9 CAC CACCAC GC   
HB-12 CAC CACCAC GC   
HB-15 GTG GTGGTGGC   

SCoT SCoT 1 ACG ACA TGG CGA CCA CGC 57
SCoT 3 ACG ACA TGG CGA CCC ACA
SCoT 4 ACC ATG GCT ACC ACC GCA
SCoT 8 CAA TGG CTA CCA CTA CAG
SCoT 9 ACA ATG GCT ACC ACT ACC

Table 3: Chromosome number of the studied taxa of seed polymorph
Numbers

Seed --------------------------------------------------------------------------------
Groups polymorphism Taxa Seed type Current chromosome Previous chromosome
A Seed shape Emexspinosa (L.) Campd. Aerial seed 2n = 20 2n = 20  Malallah et al. 28

Subterranean seed 2n = 18  Abd El-Twab et al.29

Limbarda crithmoides (L.)Dumort. Monomorphic pappus 2n = 18 2n = 18  Abd El-Twab et al.29

Dimorphic pappus
B Seed size Cakile maritima scop. Large seed 2n = 18 2n = 18  Soliman30

Small seed
Raphanus raphanistrum (L.) Large seed 2n = 18 2n = 18  Benabdelmouna et al.31

Small seed
C Seed color Chenopodium murale (L.) Black 2n = 18 2n = 18  Malallah et al.28

Brown
Urospermum picroides (L.) F.W. Black 2n = 10 2n = 10  Abd-El-Wahid et al.32

Brown
White

2n   =   18 for Limbarda crithmoides for seed  with 
monomorphic pappus (Plate 1e) and for seed with dimorphic
pappus  (Plate  1f).  For  Group  B  "seed size polymorphism",
2n  =   18 for Cakile martima. For large seed (Plate 2a, b), for
small seed (Plate 2c, d). Chromosome number 2n  =  18 of
Raphanus  raphanistrum   for  large  seed  for  small  seed
(Plate 2e, f). For Group C "seed color polymorphism",
chromosome number for Chenopodium murale 2n  =   18 for
black seed and for brown seed (Plate 3a, b),  where 2n  =   10
for Urospermum picroides  for black seed, brown seed and for
white seed (Plate 3c-h).

Molecular studies:
C Group A "seed shape polymorphism": For RAPD

molecular marker, 5 primers were used to differentiate
between  seed  shape  polymorphism.  For Emex spinosa,
there was a  total   23    bands   with   11   polymorphic 
bands, 12 common bands and 11 unique bands.
Regarding  for ISSR marker there are 28 total bands with
8 polymorphic bands and 20 common bands, where
using  SCoT  marker  produced  a  28   total   bands  with
7 polymorphic bands Table 4 and PCR profile for RAPD,

ISSR and SCoT was illustrated in Plate 4. Polymorphism
percentage was highest 47.82% using RAPD marker and
the lowest polymorphism using SCoT marker 25%

For Limbarda crithmoides, RAPD-PCR banding profile
range  illustrated  in  Plate  4.  There  are  23  total bands with
8  polymorphic  bands  and  15  common  bands.  ISSR primers
produced a total 24  bands  with  3  polymorphic  bands and
21 common bands. SCoT  marker  gave  27  total  bands  with
7 polymorphic bands and 20 common bands. The highest
polymorphism was generated using RAPD marker 34.78% and
the lowest polymorphism was produced by using ISSR marker
12.5% Table 4.

C Group B "seed size polymorphism": For Cakile maritima,
RAPD molecular marker produced profile banding shown
in Plate  5.  Total  29  bands  with 9 polymorphic bands
and 20 common bands were recorded. ISSR marker
generated 28 total bands with 11 polymorphic bands and
17 common bands. The polymorphism varied from high
percentage in case of SCoT marker 43.33% to low
percentage using RAPD marker 31.03%
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Plate 1(a-f): Chromosome number of group (A) "seed shape polymorphism, (a, b) Emex spinosa (aerial seed), (c, d) Emex spinosa
(subterranean seed), (e) Limbarda crithmoides (monomorphic pappus) and (f) Limbarda crithmoides (dimorphic
pappus)
X = 1000

For Raphanus raphanistrum, RAPD produced 32 total
bands  with  14  polymorphic   bands   and   18  common
bands. In ISSR  marker,  25  total  bands were generated with
1 polymorphic band. In SCoT marker, 30 total bands were
appeared with 7 polymorphic bands and 23 common bands.
Polymorphism percentage ordered from 43.75% RAPD,
23.33% SCoT to 4% ISSR Table 4.

C Group  C  "seed color polymorphism": For Chenopodium
murale,  RAPD    marker    gave    22    total    bands   with
7 polymorphic  bands  and  15  common  bands,  where 
ISSR   marker    produced    22    total    bands,   there  are
5 polymorphic bands and 17 common bands. SCoT
marker generated 28 total bands with 2 polymorphic
bands.   The    polymorphism   percentage   ranged  from
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Plate 2(a-f): Chromosome number of group (B) "seed size polymorphism, (a, b) Cakile maritima (large seed), (c, d) Cakile maritima
(small seed), (e) Raphanus raphanistrum (Large seed) and (f) Raphanus raphanistrum (small seed)
X = 1000

highest value 31.82% in using RAPD primers to lowest
value 7.14% using SCoT primers. Banding profiles were
observed in Plate 6

  
For Urospermum picroides, RAPD marker gave 30 total

bands with 5 polymorphic bands and 25 common bands.
From polymorphic  bands   there  are 4   unique   bands.  In

ISSR  marker,   5   primers   generated   26   total   bands  with
5  polymorphic   bands  and  3  unique  bands.  In SCoT marker,
37 total   bands   were    appeared   with  7  polymorphic 
bands and 30  common  bands.  In  general RAPD molecular
marker   has   the  ability   to  differentiate  among  studied 
taxa    produced     polymorphism    percentage     33.96%
Table 4.
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Plate 3(a-f): Chromosome  number   of   group   (C)   "seed   color   polymorphism,   (a)   Chenopodium   murale   (black  seed),
(b) Chenopodium murale (brown seed), (c, d) Urospermum picroides (black seed), (e, f) Urospermum picroides
(brown seed) and (g, h) Urospermum picroides (white seed)
X = 1000
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Plate 4(a-c): Banding profile of (a) RAPD, (b) ISSR and (c) SCoT markers for group (A)"seed shape polymorphism"
M: Marker, 1: Emex spinosa (aerial seed), 2: Emex spinosa (subterranean seed), 3: Limbarda crithmoides (monomorphic pappus), 4: Limbarda
crithmoides (dimorphic pappus)

Scanning Electron Microscope (SEM): SEM micrographs were
used to detect if there are any differences among distinct
morphs of studied taxa which characterized by heterospermy
as the following:

C Group  A: Seed shape polymorphism: For Emexspinosa,
subterranean  seed  revealed  a  globose  ovate  seed, the

seed ended by 3 outer segments and terminated by
pointed spines. Seed coat surface is irregular reticulated
with epicuticular wax (Plate 7a, b). Aerial seed revealed an
oval shaped with three-sided seed coat. Each side ended
by a rigid curved spine. This seed has a head divided  into 
2 columns with tapered base and spiny. Seed coat surface 
showed  a thick rough epicuticular (Plate 7c, d)
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Plate 5(a-c): Banding profile of (a) RAPD, (b) ISSR and (c) SCoT markers for group (B)"seed size polymorphism"
M: Marker, 1: Cakile maritima (large seed), 2: Cakile maritima (small seed), 3: Raphanus raphanistrum (large seed), 4: Raphanus raphanistrum (small
seed)

For Limbarda crithmoides, Limbarda with dimorphic
pappus are appeared as angular shape with clearly hairs. Seed
coat surface striated with thick waxy epicuticular cells forming
ridges with warty wax and acute ended hairs (Plate 7e, f).
Limbarda  with monomorphic pappus appeared as oblong in
shape with clearly hairs. Seed coat surface showed several
rows of hairs with acute tip and warty wax (Plate 7g, h).

C Group B seed size polymorphism: For Cakile maritima,
large seeds  appeared  as  an  obliquely ovate in shape
with glabrous texture. Seed coat surface appeared as
microreticulate structure with isodiametric and elongate
with gonal epidermal cell shape (Plate 8a, b). Small seeds
are oblong or ellipsoidal in shape with glabrous texture.
Seeds have a central furrow and raised hilum. Seed coat
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Plate 6(a-c): Banding profile of (a) RAPD, (b) ISSR and (c) SCoT markers for group (C)"seed color polymorphism"
M: Marker, 1: Chenopodium murale (black seed), 2: Chenopodium murale (brown seed), 3 Urospermum picroides (black seed), 4: Urospermum
picroides (brown seed), 5: Urospermum picroides (white seed)

surface appeared as microreticulate structure with
isodiametric and elongate with gonal epidermal cell
shape (Plate 8c, d)

For Raphanus raphanistrum, large seeds of Raphanus
appear as spherical in shape with a sided ridge. The magnified
seed surface showed polygonal epidermal cells, the highly

raised, rough and thin anticlinal walls with warty wax and
flattened microreticulate pitted periclinal wall (Plate 8e, f).
Small seeds of Raphanus are spherical in shape. Seed coat
surface is reticulated with small and shallow inter spaces. The
magnified  seeds  showed  a reticulate surface with raised
thick rough anticlinal walls and papillated, microreticulated
pittetted and periclinal walls (Plate 8g, h).
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Plate 7(a-h): SEM  micrograph  of  seed morphology and coat  for  Group  A, (a, b): Emey spinosa  aerial seed, (c, d): Exem spinosa
(subterranean seed), (e, f) Limbarda  crithmoides  (monomorphic  pappus) and (g, h): Limbarda crithmoides
(dimorphic pappus)
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Plate 8(a-h): SEM   micrograph   of   seed   morphology    and   coat  for  Group  B,  (a,  b)  Cakile  maritima  (large seed),  (c, d) Cakile
maritima  (small   seed),  (e,  f)   Raphanus    raphanistrum   (large   seed)   and  (g,   h)   Raphanus   raphanistrum 
(small seed)
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Plate 9(a-j): SEM  micrograph  of  seed  morphology   and  coat   for   Group   (B),   (a,   b)   Chenopodium    murale  (blackseed),
(c, d) Chenopodium murale (brown seed), (e, f) Urospermum picroides (black seed), (g, h) Urospermum picroides
(brown seed) and (I, j) Urospermum picroides (white seed)

118

 
(a) (b) 

(c) (d) 

(e) (f) 

(g) (h) 

(i) (j) 



Singapore J. Sci. Res., 10 (2): 105-122, 2020

C Group C  seed colour polymorphism: For Chenopodium
murale, black seed appears as spherical in shape with
styler scar and tuberculated surface of testa. The
magnified part of seed surface showed irregularly and
shallowly tuberculated ornamentation on seed surface
with  glandular  trichome  and  simple   curved  hairs
(Plate 9a, b) Brown seed of Chenopodium murale appear
as sub-spherical shaped compressed into multi sided
prominence  with  shallow  hilar notch which is seen
along the periphery and styler scar. The magnified part of
seed surface showed irregular  undulate ornamentation
of wax on pericarp surface with glandular trichomes
(Plate 9c, d)

For Urospermum picroides, there are 3 different colour of
Urospermum picroides. Black seed of Urospermum picroides
appear as oblong shaped with beak. The beak is tapered, the
thick part is toward the body of seed and the thin part is
outside. The beak is longer than the body of the seed. The
seed surface is rough and papillose (Plate 9e, f). Brown seed of
Urospermum picroides  appear  as oblong shaped. One furrow
is present and surround by two raised papillate ridges. Long
beak with tapering end which is far from the seed body and
the thick part is attached with the seed body (Plate 9g, h).
White seed of Urospermum picroides is oblong in shape with
beak. The seed surface is rough and papillose. The papillae
covered most of  the  seed  surface  and the beak is thick and
short (Plate 9i, j).

DISCUSSION

Genetic variation is an important tool in gene bank
management, helping in the establishment of core collections,
facilitating efficient sampling and utilization of germ plasm
and selecting of desirable genotypes to be used in breeding
programs33. 

Chromosomal diversity is a key factor contributing to
genetic, phenotypic and ecological evolution in Angiosperms.
Chromosomal diversity can be expressed in a wide range of
numerical, morphological and molecular features19. In
systematics, chromosome number is an important character
for plant evolutionary studies and may provide some
information about polyploidy and other highly significant
genome changes34,35. Chromosome numbers for all seed forms
of three groups, seed shape, seed size and seed color
polymorphism were agree with previous account except in
case of Emex spinosa  2n  =  20 disagree with previous count
2n  =  18 by Abd El-Twab et al.29.

In this study, there was any variation in chromosome
number in all seed forms for three groups of seed
polymorphism, the change appeared in the chromosome
structure, shape and thickness of chromosome may be due to
difference in chromosome arm condensation36 or due to long
period of genetic isolation37,38.

The advantage of molecular markers over phenotypic
data is the possibility to compare genotypes, even if they are
sampled in different environment, type of tissue or stage of
development. Another advantage is the theoretical possibility
to detect DNA polymorphisms through the entire genome39.

In this study, DNA molecular markers are independent of
environmental conditions or developmental stage and
showed high level of polymorphism. Molecular analysis in this
study confirmed the outcomes of morphological and
taxonomic analyses done on the collected samples. For seed
shape polymorphism, RAPD polymorphism percentage in
Emex spinosa  47.83% is higher than polymorphism
percentage in pear cultivars of Polygonaceae (46.15%) using
the same  primers  of  RAPD  by  El-Hawary et al.40. On the
other  hand,   SCoT   primers   generated   25  total bands and
7 polymorphic  bands  for Emex spinosa  compared to
cultivated  pear   having  23  total  bands  and 10 polymorphic
bands using   the    same    5    primers   of   SCoT   marker  by
El-Hawary et al.40 In seed size polymorphism, unique bands
were  9  for  Cakile maritima compared  to unique bands were
2 in Cakile maritima by Mohamed41. Five RAPD primers
generated 9  total bands for Cakile maritima and 14 total
bands  for   Raphanus    raphanistrum    and    compared  to
614 total bands using 74 RAPD  primers  for  Brassica  oleracea
by Lu et al.42.

For  RAPD  analysis  in  Chenopodium murale,  there  are
22 total bands using RAPD marker and 28 total bands for SCoT
primers compared to Chenopodium quinoa having 64 total
bands for RAPD and 79 total band using SCoT primers by
Lema-Rumi½ska et al.43.

The  ISSR  analysis  for Urospermum  picroides produced
30 total bands with 16.67% lower than polymorphism 52.77%
generated  from  RAPD  marker  in  Acmella paniculata by
Gupta et al.44.  Finally RAPD molecular marker has the ability to
differentiate among studied taxa showing 33.96% than ISSR
and SCoT markers.

For conclusion, it was illustrated that RAPD marker were
found to be more efficient than ISSR and SCoT markers with
regards to polymorphism detection.

Seed characters are stable and less affected by
environmental  conditions  while  the  seeds develop and
ripen within the fruit45 and often show genetic differences.
Some  investigations  suggested  that  seed  surface pattern is
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conservative trait and can be considered as genetic markers as
it is a vital value in taxonomic delimitations and in
hybridization46. Very few researches have been undertaken on
the seed coat surface of the species characterized by
heterospermy. SEM analysis of  the seed  coat surface and seed
test a of Emex spinosa  revealed that coat surface of aerial
seed characterized by sulcate coat patterns with a thick rough
epicuticular wax and wax granules. Also, Gabr47 reported the
sulcate coat patterns of seeds of Centaurea aegyptiaca and
Launaea nudicaulis. The coat surface of subterranean seed is
irregularly reticulate coat patterns with a thick rough
epicuticular wax and wax granules which is similar to results
of Kasem et al.48, who revealed the irregular reticulate coat
patterns in Brassica oleracea seed. The SEM micrographs of
Limbarda crithmoides seeds showed that the coat surface of
seed with monomorphic pappus is aculeate coat patterns and
its surface covers with several rows of hairs. This agreed with
the results of Gabr49, who investigated aculeate coat patterns
of the Asclepias curassavica seed surface.

The SEM analysis of the seed coat surface and seed test a
of Chenopodium murale revealed that coat surface of black
and brown seeds are different. This result disagreed with Devi
and Chrungoo50, who recorded 2 different seed coat surfaces
of Chenopodium album, smooth seed coat (brown seed
cultivar) and reticulated seed coat in (black seed cultivar). The
SEM micrographs of Urospermum picroides seeds (black,
brown and white) showed its oblong shape. This result agreed
with Sadeq and Aliwy51, who recorded that the surface of
Urospermum picroides  seed  coat is papillae covered with
long narrowed scales with pointed end, also Gabr47, indicated
the reticulated seed coat sculpture of Urospermum picroides.

CONCLUSION

The heteromorphism phenomena in the studied three
group of seed polymorphism (seed shape, seed size and seed
color) may be due to genetic variations during the formation
period of seeds. Therefore, seed polymorphism considered a
very important tool in plant conservation and should be take
into consideration during collection stages of seeds for
conservation of plant genetic resources in gene banks.

SIGNIFICANCE STATEMENT

This study discovered the importance of seed
heterospermy phenomena (seed shape, seed size and seed
color polymorphism) in genetic diversity. The seeds of the
same plant with heterospermy have the same number of
chromosome   number    but    differed    genetically    in  both

chromosome  structure and DNA fingerprinting.  This study
will help the researchers to take into consideration this
phenomenon in plant conservation and genetic diversity.
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